CM 
< 
O 

to 
o 

i 

o 

Q- 
LU 



-03' 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen dee brevets 




^ nMiiiiiiiiiiiiiiiiii 

(11) EP 0 945 060 A2 



(12) 



EUROPEAN PATENT APPLICATION 



(43) Data of publication: 

29.09.1999 Bulletin 1999/39 

(21) Application number: 99302264.9 

(22) Date of filing: 24.03.1999 



(51) lntCI.«: A01K 11/00, A01K 29/00, 
G01N 33/12 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• Guichon, Timothy P., Dr. 


MC NL PT SE 


Okotoks, Alberta (CA) 


Designated Extension States: 


♦ Jim, Kee G., Dr. 


AL LT LV MK RO SI 


Okotoks, Alberta T0L 1T0 (CA) 




• Kotelko, Bernard P. 


(30) Priority: 24.03.1998 US 47088 


Vegreville, Alberta T9C 1R1 (CA) 


• Kotelko, Michael J. 


(71) Applicants: 


Vegreville, Alberta T9C 1R1 (CA) 


• Guichon, Timothy P., Dr. 


• Booker, Calvin W., Dr. 


Okotoks, Alberta (CA) 


Okotoks, Alberta T0L 1T0 (CA) 


• Jim, Kee G. f Dr. 


• Tollens, Yvonne T. G. 


Okotoks, Alberta T0L 1T0 (CA) 


Calgary, Alberta T2W 2S8 (CA) 


• Kotelko, Bernard P. 




Vegreville, Alberta T9C 1R1 (CA) 


(74) Representative: Lyons, Andrew John et al 


• Kotelko, Michael J. 


ROYSTONS, 


Vegreville, Alberta T9C 1R1 (CA) 


Tower Building, 


• Booker, Calvin W., Dr. 


Water Street 


Okotoks, Alberta T0L 1T0 (CA) 


Liverpool L3 1BA, Merseyside (GB) 


• Tollens, Yvonne T. G. 




Calgary, Alberta T2W 2S8 (CA) 





(54) Method and system for monitoring animals 

(57) In a method and system for monitoring animals 
within an area, position data of each animal within the 
area is collected at intervals. The position data is then 
processed to generate movement pattern data of the an- 
imals. The movement pattern data is then analyzed to 
determine at least one physical condition ol the animals. 
A method and system for tracking animals as they are 
prepared for slaughter is also provided. 
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Description 

Field of the invention 

[0001] The present invention relates to tracking sys- 
tems and in particular to a system and method for mon- 
itoring the movement of animals within an area to deter- 
mine at least one physical condition of the animals. The 
present invention also relates to a system and method 
for tracking livestock as they are prepared for slaughter. 

Background of the Invention 

[0002] As is well known, livestock are typ ically bred at 
ranches. From the ranches the livestock may proceed 
to backgrounders for a period of time before being sent 
to feed lots for final preparation prior to slaughter by 
packers. The ranches : backgrounders, feedlots and 
packers are often geographically dispersed. At the feed- 
lot, the livestock are processed in a hospital and 
processing area and treated with a variety of pharma- 
ceuticals before being delivered to pens in the feedlot. 
In the feedlot pens, the animals' rations are varied at 
specific times to prepare the animals for slaughter. Dur- 
ing the animals* stay in the feedlot, the animals are ex- 
amined regularly by sight to detect sick animals as well 
as animals that appear ready for market. This requires 
individuals to move through the feedlot pens on horse- 
back resulting in the livestock being disrupted and their 
stress levels increased. 

[0003] When an animal is determined to be market 
ready, the animal is shipped to the slaughterhouse. At 
the slaughterhouse, the quality of the animal is evaluat- 
ed by the packer based on one of two government 
standards, namely yield grade or quality grade. Yield 
grade is a measure of an animal's red meat to fat and 
bone ratio. Yield grade 1 , the most attractive, has a high 
red meat to fat and bone ratio while yield grade 5, the 
least attractive, has a low red meat to fat and bone ratio. 
Quality grade is a measure of an animal's intra-muscular 
fat associated with quality. In the United States, the four 
quality grades are Prime, Choice, Select and Standard. 
In Canada, the four corresponding quality grades are 
Prime, AAA, AA and A. 

[0004] Ideally, animals that are shipped to the slaugh- 
terhouses meet high quality standards since penalties 
are imposed on feedlot operators for animals that do not 
meet quality standards. The tendency therefore, is for 
feedlot operators to put animals on feed for longer du- 
rations even though the animals may be considered 
market ready. This poses problems in that feed costs 
and methane or greenhouse gas production are in- 
creased. 

[0005] When an animal at a feedlot is identified as be- 
ing "sick 9 , the animal is physically captured and taken 
to a hospital where the animal's temperature is taken to 
determine if in fact the animal is sick. Physically captur- 
ing the animal of course causes significant stress. If the 



animal is sick, the animal is treated with a range of an- 
tibiotics to cure many illnesses regardless of whether 
the animal requires treatment for all of these illnesses. 
If the animal is not sick, the animal is returned to the 
s feedlot after having been stressed for no reason. Unfor- 
tunately, visual inspection of livestock to determine sick- 
ness is subjective making the accuracy of this method 
questionable. Also, significant lengths of time may 
elapse before sick animals show visual symptoms. As 
will be appreciated, this prior art method of monitoring 
livestock in a feedlot suffers many disadvantages. 
[0006] Systems to monitor animals remotely to collect 
data concerning the condition of the animals are known. 
For example, U.S. Patent No. 5,474,085 to Humik et al. 
discloses an apparatus for remote sensing of livestock 
using a thermographic imaging system. The thermo- 
graphic imaging system remotely monitors the location, 
weight and temperature of livestock by taking thermo- 
graphic images of the animals. The thermographic im- 
ages are digitized and converted into number arrays. 
The number arrays are interpreted by software execut- 
ed by a computer to provide animal weight information 
in a decipherable form. 

[0007] Canadian Patent No. 1 ,296,068 to Friesen dis- 
closes a physiological monitoring system to measure 
physiological functions such as the pulse rate or tem- 
perature of an animal. The system includes a remote 
telemetry system carried by the animal including sen- 
sors to sense conditions of the animal and store data 
representing the sensed conditions. The stored data is 
then transmitted to a master telemetry system for 
processing. 

[0008] In the article entitled "Feeding Behavior of 
Feedlot Cattle" authored by Sowell et al., a system to 
measure the feeding behavior of feedlot cattle by mon- 
itoring cattle at a f eedbunk is described. The system in- 
cludes passive radio frequency (RF) tags carried by the 
cattle. A read panel in close proximity to the feedbunk 
communicates with the RF tags carried by cattle at the 
feedbunk to allowthe presence and location of the cattle 
at the feedbunk to be recorded. The recorded informa- 
tion is processed to determine the average time untreat- 
ed and treated cattle spend at the feedbunk. 
[0009] Although the above-identified references dis- 
close systems to monitor animals remotely, improved 
systems to provide information concerning the physical 
condition of animals within an area are desired. 
[001 0] It is therefore an object of the present invention 
to provide a novel method and system for monitoring 
animals within an area to determine at least one physical 
condition of the animals. It is also an object of the 
present invention to provide a novel method and system 
for tracking livestock as they are prepared for slaughter. 

Summary of the Invention 

[0011] According to one aspect of the present inven- 
tion there is provided a method of monitoring the move- 
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ment of animals within an area comprising the steps of: 

collecting positional data of each animal under ob- 
servation; 

processing said positional data to generate data 
representing the movement patterns ol said ani- 
mals; and 

analyzing said movement pattern data to determine 
at least one physical condition of said animals. 

[001 2] In a preferred embodiment, the positional data 
is collected remotely and at intervals. During the ana- 
lyzing step, the movement pattern data is compared with 
reference movement pattern data stored in a database 
representing typical movement patterns of animals ex- 
hibiting the at least one physical condition. The move- 
ment pattern data is compared with the reference move- 
ment pattern data to detect animals suspected of suf- 
fering a health problem. In this regard it is preferred that 
the movement pattern data is compared with reference 
movement pattern data to detect animals exhibiting one 
or more of the following characteristics: 

more frequent and longer duration visits to the water 
zone; 

less frequent visits to the water zone; 

generally overall decreased movement within the 

area; 

more frequent and shorter duration visits to the wa- 
ter zone; and 

less frequent and shorter duration visits to the water 
zone. 

[0013] It is also preferred that the movement pattern 
data is compared with reference movement pattern data 
to detect the frequency and duration animals spend in 
the food zone either to determine a yield grade or quality 
grade for each animal. Furthermore, it is preferred that 
the movement partem data is compared with reference 
movement pattern data to determine market ready ani- 
mals. In this case, market ready animals can be shipped 
to slaughterhouses more quickly and reductions in 
greenhouse gas production can be calculated and sold 
as offsets to greenhouse gas producers. 
[001 4] According to another aspect of the present in- 
vention there is provided a system for monitoring the 
movement of animals within an area comprising: 

a plurality of data collection and transmission units, 
each being carried by a respective animal each of 
said data collection and transmission units transmit- 
ting animal position data over a wireless communi- 
cations link; and 

a processor in communication with said data collec- 
tion and transmission units via said wireless com- 
munication link and receiving said animal position 
data, said processor processing said animal posi- 
tion data to generate data representing movement 



patterns of said animals and analyzing said move- 
ment pattern data to determine at least one physical 
condition of said animal. 

5 [0015] According to another aspect of the present in- 
vention there is provided a system for detecting animals 
exhibiting at least one physical condition of interest with- 
in a predefined area comprising: 

10 a receiver receiving position data for each of said 
animals under observation at intervals; 
a processor in communication with said receiver 
and processing said position data to generate a first 
database including data representing the move- 
is ment pattern of each of said animals within said pre- 
defined area; and 

a second database storing reference movement 
pattern data representing typical movement pat- 
terns of animals having physical conditions of inter- 
na est, wherein said processor compares said move- 
ment pattern data in said first database with said 
reference movement pattern data in said second 
database to determine animals exhibiting one or u 
more physical conditions of interest. 
25 : 
[0016] According to another aspect of the present in- 
vention there is provided a program product comprising: 

a computer- readable storage medium: 
30 means recorded on the medium for processing an- 
imal position data to generate data representing the 
movement patterns of animals; and 
means recorded on the medium to compare the 
movement pattern data with reference movement 
35 pattern data to determine at least one physical con- 
dition of said animals. 

[0017] According to still yet another aspect of the 
present invention there is provided a method for tracking 
40 the movement of animals as said animals are moved 
from location to location during processing comprising 
the steps of: 

tagging each animal under observation; and 
45 tracking the location of each tagged animal and the 
duration each tagged animal spends at each loca- 
tion as it is moved to generate data representing 
each tagged animal's movement history. 

so [0018] Preferably, the generated data represents 
each tagged animal's movement history generally over 
its lifespan. It is also preferred that the locations include 
ranches, backgrounders, feedlots and packers. 
[0019] In one embodiment, the generated data is 

ss used to detect tagged animals that have been in physi- 
cal proximity with a tagged animal diagnosed with a 
transmittable disease. In another embodiment, the gen- 
erated data is used to detect locations that may be the 
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cause of a trend exhibited by specific tagged animals. 
[0020] According to still yet another aspect of the 
present invention there is provided a system for tracking 
the movement of tagged animals as said animals are 
moved from location to location during processing com- 
prising: 

at each location, a reader to read the tag on each 
of said animals thereat; and 
a processor in communication with said reader, said 
processor storing a record of each tagged animal's 
duration at said location. 

[0021] The present invention provides advantages in 
that by tracking the movement of each animal within the 
area, sick animals can be identified and treated quickly. 
Not only can sick animals be identified but based on th eir 
movement patterns, the cause of sickness can be better 
diagnosed reducing the overall amounts of antibiotics 
used to treat sick animals. 

[0022] In the case of animals within a feedlot, the yield 
or quality grade of the animals can be determined during 
their stay at the feedlot allowing animals to be grouped 
according to grade and their feed composition and ra- 
tions adjusted accordingly to increase performance. In 
addition, by tracking the movement pattern of each an- 
imal, changes in the feeding patterns of the animals can 
also be detected allowing market ready animals to be 
determined quickly. This allows feedlot operators to ship 
animals to slaughterhouses faster without compromis- 
ing performance resulting in reduced feed costs, a re- 
duction in the production of greenhouse gasses by the 
animals and fewer animals gaining too much fat and 
weight. Furthermore, by monitoring the movement pat- 
terns of the animals, overfeeding and underfeeding con- 
ditions in the feedlot can also be determined allowing 
the feedlot operators to take appropriate action. 
[0023] In other environments such as pastures and 
grazing pens, by monitoring the movement patterns of 
the animals, low food levels, poor water quality and 
heavy grazed areas can be determined. Also, animals 
in heat and those likely suffering a reproductive disorder 
can be determined. This allows corrective measures to 
be taken to improve the condition of the animals. 
[0024] In addition, by tracking the livestock as they are 
prepared for slaughter data representing the livestock's 
movement history are generated. The data can be used 
to determine animals, which were in physical proximity 
of a diagnosed diseased animal thereby limiting the fo- 
cus of animal testing. The data can also be used to de- 
termine locations, which may be the cause of trends ex- 
hibited by specific animals. 

Brief Description of the Drawings 

[0025] Embodiments of the present invention will now 
be described more fully with reference to the accompa- 
nying drawings in which: 
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Figure 1 is a diagram of a feedlot including a plural- 
ity of feedlot pens divided into a plurality of zones; 
Figure 2 is a block diagram of a system for feedlot 
management in accordance with the present inven- 
tion; 

Figure 3 is a block diagram of a data collection and 
transmission unit forming part of the system for 
feedlot management of Figure 2; 
Figure 4 is a flowchart illustrating data processing 
in the system for feed tot management of Figure 2; 
Figures 5a and 5b illustrate tables used in the sys- 
tem for feedlot management of Figure 2; 
Figure 5c illustrates a virtual table created by the 
system for feedlot management during processing 
of data; 

Figure 6 is an alternative embodiment of a system 
for feedlot management in accordance with the 
present invention; 

Figures 7a to 7d are graphs illustrating the frequen- 
cy/duration of animals feeding vs. a number of dif- 
ferent characteristics of interest; and 
Figure B is a table showing ranchers, back- 
grounders, feedlots and packers at geographically 
dispersed locations. 

Detailed Description of the Preferred Embodiments 



[0026] In general, the present invention relates to a 
system and method for monitoring the movement of an- 

30 imals within an area to determine at least one physical 
condition of the animals. The present inventors have 
found that the movement patterns of animals provide a 
wealth of information concerning their physical condi- 
tions including but not limited to animal health; perform- 

35 ance characteristics such as yield grade, quality grade, 
back fat percentage, weight etc.; and production pat- 
terns such as market readiness, insufficient feeding, 
overfeeding, greenhouse gas emissions etc. During 
monitoring of the animals, data concerning the move- 

*o ment of each animal within a defined area is collected 
at intervals, processed and stored. Physical condition 
definitions including reference movement pattern data 
representing typical movement patterns of animals hav- 
ing specific characteristics, traits, behaviors, and/or 

45 conditions etc. (hereinafter collectively referred to as 
"conditions") of interest, are also stored. The collected 
animal movement data is compared with the reference 
movement pattern data to allow animals to be classified 
according to these specific conditions of interest. This 

so allows unhealthy animals to be detected quickly and 
treated and animals exhibiting other specific conditions 
of interest to be grouped. A preferred embodiment of the 
present invention will now be described more fully 
wherein the system and method are used to monitor the 

55 movement of animals, such as cattle, in a feedlot. 

[0027] The present invention also relates to a method 
and system for tracking livestock generally throughout 
their lifespan as they are prepared for slaughter. As 
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mentioned previously, most livestock are moved be- 
tween geographically dispersed locations as they move 
from ranchers, backgrounders, feeders and finally to 
packers. The present inventors have found that by mon- 
itoring animals from the ranches to the packers, if an 
animal is determined to be sick : the testing of other an- 
imals can be limited to those animals that were in phys- 
ical proximity to the sick animal. As a result the scope 
of required testing can be significantly narrowed. 
[0028] Referring now to Figure 1 , a feedlot is shown 
and is generally indicated to by reference numeral 10. 
As can be seen, the feedlot 10 includes a plurality of 
feedlot pens 12, each of which accommodates a plural- 
ity of animals (not shown). Each feedlot pen 1 2 is divided 
into a number of zones, namely a food zone 1 4, a water 
zone 16, a bedding zone 18 and an activity zone 20. 
Animals are free to move in the feedlot pens 1 2 between 
the various zones 14 to 20. A hospital and processing 
area 22 is also provided to treat sick animals removed 
from the feedlot pens 12 and to treat new animals en- 
tering the feedlot 1 0. In the present feedlot 1 0, the move- 
ment of each animal in its respective feedlot pen 1 2 is 
monitored and corresponding data is collected at inter- 
vals, processed and stored. In this manner, the number 
of times and duration each animal visits the various 
zones 14 to 20 within its feedlot pen 12 can be deter- 
mined. 

[0029] In order to monitor the movement of the ani- 
mals in each feedlot pen 12, each animal is fitted with a 
collar or tag (not shown) to which a data collection and 
transmission unit 32 is attached (see Figures 2 and 3). 
The data collection and transmission unit 32 on the tag 
fitted to each animal is unique to that animal and stays 
with the animal during its entire stay in the feedlot 10. 
The data collection and transmission units 32 collect raw 
GPS data representing their positions from orbiting GPS 
satellites 33. The raw GPS data is accurate to about 
100m. 

[0030] Turning now to Figure 3, one of the data col- 
lection and transmission units 32 is better illustrated. As 
can be seen, the data collection and transmission unit 
32 includes a global positioning system (GPS) receiver 
34 connected to an externa! antenna 36 and to a micro- 
controller 38 having resident memory. The microcontrol- 
ler 38 is also connected to a radio frequency spread 
spectrum (RFID) engine 40 having an antenna 42. A 
power supply 44 is connected to the GPS receiver 34, 
microcontroller 38 and RFID engine 40. 
[0031 ] Communicating with data collection and trans- 
mission units 32 on animal tags carried by animals in a 
plurality ol feedlot pens 12, at user selected intervals, is 
an interrogator 50. The interrogator 50 also communi- 
cates with a data collection and transmission unit at a 
fixed location (not shown) to provide a field reference 
allowing GPS satellite signal propagation errors to be 
determined. A first processor 52 in the form of a Pen- 
tium® personal computer (PC) is connected to the in- 
terrogator 50. The processor 52 receives the raw GPS 



8 

data from the interrogator 50 and processes the raw 
GPS data to sub-metre accuracy. Thereafter the proc- 
essor 52 converts the GPS data into XY coordinates and 
stores the XY coordinates in an animal observation table 
5 together with other relevant information as will be de- 
scribed. 

[0032] A second processor 54, also in the form of a 
personal computer, is connected to the processor 52 via 
a local area or wide area network. The processor 54 re- 

10 ceives the animal observation table from processor 52 
at intervals. The processor 54 executes software to 
process the data in the animal observation table to allow 
animals to be classified according to specific conditions 
of interest as will be described. Although not shown, the 

1 s processor 54 includes a graphical user interface (GUI) 
to allow the results of the classifications to be visually 
presented and manipulated as desired. 
[0033] Stored within the processor 54 are a plurality 
of tables (best seen in Figure 5a), namely a zone defi- 

20 nition table, an animal health table and a physical con- 
dition table. The zone definition table includes data de- 
fining the zones of each feedlot pen 12 in XY coordi- 
nates. The data in the zone definition table can be edited u 
as desired allowing the zones in the feedlot pens 12 to 

2S be reconfigured. The animal health table includes data 
indicating the number of days each animal has been on 
feed since the arrival of the animal at the feedlot 1 0. The 
physical condition table stores a plurality of definitions. 
Each definition includes reference movement pattern 

30 data representing the typical movement pattern of an 
animal exhibiting a specific physical condition of interest 
to which the animals under observation are to be com- 
pared. The physical condition table can be edited to add 
or remove definitions. Also, the reference movement 

35 pattern data for each definition can be edited to update 
the definitions when new data becomes available. 
[0034] In the present embodiment, the physical con- 
dition definitions relate to animal health, performance 
characteristics, and production patterns including 
greenhouse gas emissions. The physical condition def- 
initions relating to animal health include reference 
movement pattern data modeling the typical movement 
patterns of animals suffering respiratory, gastrointesti- 
nal and neurological disorders and exhibiting muscular 

45 skeletal injuries. 

[0035] The physical condition definitions relating to 
performance characteristics include reference move- 
ment pattern data modeling the typical movement pat- 
terns of animals of different yield grades, different qual- 

so ity grades, different back fat percentages, and different 
weights as a function of days on feed. 
[0036] The physical condition definitions relating to 
production patterns include reference movement pat- 
tern data modeling the typical movement patterns of an- 

55 imals that are market ready, overfed and underfed. The 
definitions in the physical condition table will now be de- 
scribed more fully. 
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Animal Health 

[0037] Referring now to Table 2 : the typical movement 
patterns of animals suffering from different health prob- 
lems are set out. It has been determined that animals 5 
spending more time at the water zone and visiting the 
water zone more often while spending less time in the 
food zone and generally being overall less active are 
likely to be suffering one of several respiratory diseases. 
Reference movement pattern data modeling this move- 10 
ment pattern is stored as a definition in the physical con- 
dition table to allow animals exhibiting this movement 
pattern to be identified quickly In this manner, early 
identification of animals suffering respiratory diseases 
can be achieved allowing animals to be treated in the ?5 
hospital and processing area 22 quickly and returned to 
thefeedlot 10. 

[0038] It has also been determined that animals mov- 
ing very little are likely to be suffering a muscular skeletal 
injury. Reference movement pattern data modeling this 20 
movement pattern is stored as a definition in the physi- 
cal condition table to allow animals exhibiting this move- 
ment pattern to be identified quickly. In this manner, ear- 
ly identification of animals suffering muscular skeletal 
injuries can be achieved allowing animals to be treated 2s 
quickly in the hospital and processing area 22 and re- 
turned to the feedlot 10. In addition, it has been deter- 
mined that stationary animals or animals moving in a 
circle in one direction likely suffer neurological disor- 
ders. Reference movement pattern data modeling these 30 
movement patterns is stored as definitions in the phys- 
ical condition table to allow animals exhibiting these 
movement patterns to be identified quickly. In this case, 
the animals can be shipped from the feedlot 10 early to 
reduce production costs. 35 
[0039] It has also been determined that animals visit- 
ing the water zone often and for short durations or vis- 
iting the water zone infrequently and for short durations 
are likely to be suffering gastrointestinal disorders. Ref- 
erence movement pattern data modeling these move- 40 
ment patterns is stored as definitions in the physical con- 
dition table to allow animals exhibiting these movement 
patterns to be identified quickly. Early detection of ani- 
mals suffering gastrointestinal disorders can prevent 
animal death through treatment at the hospital and 45 
processing area 22. 

Performance Characteristics 

[0040] With respect to performance characteristics, it so 
has been determined that yield grade and quality grade 
of cattle can be correlated to the frequency and duration 
cattle spend in the food zone of the feedlot pen 1 2. Re- 
ferring now to Figure 7a, a graph showing the frequency 
and duration cattle of different yield grades spend feed- 55 
ing over an eight week period is illustrated. As can be 
seen : cattle having a yield grade 1 consistently spend 
more time in the food zone and visit the food zone more 
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often than cattle of other yield grades. Accordingly, cat- 
tle showing a pattern of higher frequency visits and long- 
er duration visits in the food zone relative to other ani- 
mals will have a better yield grade. Reference move- 
. ment pattern data modeling the graphical data is stored 
as definitions in the physical condition table to allow an- 
imals to be classified according to yield grade and 
grouped if desired. 

[0041] Figure 7b shows a graph of the frequency and 
duration cattle of different quality grades spend in the 
food zone over an eight-week period. As can be seen, 
cattle having a high quality grade consistently spend 
less time in the food zone and visit the food zone less 
often than cattle of other quality grades. Reference 
movement pattern data modeling the graphical data is 
stored as definitions in the physical condition table to 
allow animals to be classified according to quality grade 
and grouped if desired. 

[0042] Figure 7c shows a graph of the frequency and 
duration cattle having different amounts of back fat 
spend in the food zone over an eight-week period. As 
can be seen, cattle having less back fat consistently 
spend more time in the food zone and visit the food zone 
more often than cattle having more back fat. This is im- 
- portant since the amount of back fat carried by the ani- 
mal will effect its yield grade. Reference movement pat- 
tern data modeling the graphical data is stored as defi- 
nitions in the physical condition table to allow animals 
to be classified according to back fat percentage and 
grouped if desired. 

[0043] Figure 7d shows a graph of the frequency and 
duration cattle of different weight groups spend in the 
food zone over an eight- week period. As can be seen, 
cattle classified as •heavy" consistently spend less time 
in the food zone and visit the food zone less often than 
normal weight cattle. This is important since heavy an- 
imals are frequently discounted due to the fact that they 
*are over fat and do not meet size and handling stand- 
ards at slaughterhouses. Reference movement pattern 
data modeling the graphical data is stored as definitions 
in the physical condition table to allow animals to be 
classified according to weight and grouped if desired. 

Production Patterns 

[0044] With respect to production characteristics, an- 
imals spending less time in the food zone and visiting 
the food zone less nearing the end of their stay in the 
feedlot, can be identified as being market ready. This 
characteristic can be clearly seen in the graphs of Fig- 
ures 7a and 7b. Reference movement pattern data mod- 
eling this movement pattern is stored as a definition in 
the physical condition table to allow animals showing 
this movement pattern to be identified quickly. Identified 
market ready animals can be shipped to slaughterhous- 
es in a more timely manner. This maintains high per- 
formance standards in the feedlot by inhibiting animals 
from remaining in the feedlot too long. Animals remain- 
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ing in the feedlot 10 while on feed too long tend to gain 
extra skeletal fat, which of course reduces performance. 
In addition, lengthening the stay of animals in the feedlot 
while on feed increases greenhouse gas emissions. 
[0045] Definitions including reference movement pat- 5 
tern data modeling animal movement patterns where 
most animals move to the food zone when the feed truck 
passes or when few animals move to the food zone 
when the feed truck passes are also stored in the phys- 
ical definition table. In the former case, insufficient teed- *o 
ing of animals having high energy requirements can be 
detected quickly and their feed rations adjusted accord- 
ingly. In the later case, overfeeding of animals can be 
detected quickly and their feed rations adjusted accord- 
ing to lower feed costs. 15 
[0046] Referring now to Figure 5b, some of the phys- 
ical condition definitions are better illustrated. As can be 
seen, the reference movement pattern data includes 
threshold levels against which the movement patterns 
of the animals are compared. For example, in the case 20 
of the physical condition definition relating to respiratory 
disorders, the reference movement pattern data in- 
cludes threshold levels to indicate high frequency and 
long duration visits to the water zone, low frequency and 
short duration visits to the food zone as well as overall 2s 
low activity. The physical condition definition relating to 
gastrointestinal disorders has reference movement pat- 
tern data including threshold levels to indicate high fre- 
quency and short duration visits to the water zone and 
low frequency and short visits to the food zone. 30 
[0047] The physical condition definition relating to 
yield grade 1 at a specific stage determined by days on 
teed has reference movement pattern data including 
threshold levels to indicate high frequency and long du- 
ration visits to the food zone as well as days on feed. 35 
The physical condition definition relating to market 
ready animals has reference movement pattern data in- 
cluding threshold levels to indicate medium frequency 
and medium duration visits to the food zone as well as 
days on feed. Animal movement pattern data is com- *o 
pared with these threshold levels to determine if the 
movement patterns of the animals meet the definitions. 
[0048] The operation of the present method and sys- 
tem for monitoring animals will now be described. 
[0049] When animals arrive in the feedlot in prepara- *s 
tion for slaughter, the animals proceed through the feed- 
lot 10 in stages. Typically, animals proceed through the 
feedlot in three stages, namely an early stage, a growth 
stage and a finish stage. Table 1 , shows the time, ration, 
heafth protocol and animal movement patterns of inter- 50 
est during each stage. To improve performance of the 
feedlot, it is desired to identify and treat sick animals 
quickly, to classify animals according to one or more per- 
formance characteristics so that feed composition and 
rations can be adjusted accordingly, and to monitor pro- 55 
duction patterns so that market ready animals and un- 
desired feedlot conditions can be detected quickly. The 
method and system according to the present invention 



provides for the above. 

[0050] At selected intervals, in this case approximate- 
ly every 1 5 seconds, the GPS receiver 34 in each data 
collection and transmission unit 32 is conditioned by the 
microcontroller 38 to poll the GPS satellites 33 and col- 
lect raw GPS data representing the associated animal's 
position within the feedlot pen 12 (see block 100 in Fig- 
ure 4). The raw GPS data is then conveyed to the mi- 
crocontroller 38. When the microcontroller 38 receives 
the raw GPS data, it stores the raw GPS data in its res- 
ident memory together with a time stamp. 
[0051] The interrogator 50 is programmed to poll the 
data collection and transmission units 32 in a predeter- 
mined sequence to read the raw GPS data and time 
stamps stored therein at intervals. Specifically, the in- 
terrogator 50 continuously cycles through each data col- 
lection and transmission unit 32 in numerical order. If a 
data collection and transmission unit 32 cannot be read 
due to a lack of a clean line of sight, the interrogator 50 
skips that data collection and transmission unit 32 and 
attempts to read it during the next cycle. 
[0052] When a data collection and transmission unit 
is being read by the interrogator 50, the interrogator 50 A 
sends an addressed command to that data collection v ^ 
and transmission unit 32 by way of a wireless RF com- 
munications link. When the RFID engine 40 in the data 
collection and transmission unit 32 receives the com- 
mand, the command is passed to the microcontroller 38. 
Upon receiving the command, the microcontroller 38 re- 
sponds to the command by sending the raw GPS data 
and time stamp stored in its resident memory to the 
RFID engine 40. The RFID engine 40 in turn transmits 
the raw GPS data and time stamp together with an iden- • 
tifier to the interrogator 50 via the wireless RF commu- 
nications link. When the interrogator 50 receives the 
transmitted data from the data collection and transmis- 
sion unit 32, it conveys the data to the processor 52. 
[0053] When the processor 52 receives the raw GPS 
data, time stamp and identifier from one of the data col- 
lection and transmission units 32, the received data is 
processed using GrafNav software by Way point Con- 
sulting to increase the accuracy of the GPS data and is 
placed as an entry into the animal observation table 
(block 102). The time stamp is synchronized to GPS 
time and is adjusted for local time. The animal observa- 
tion table in the present embodiment is in the form of an 
SQL database. Each entry made in the SQL database 
takes the form: 

("Tag Number", "X" s 'Y\ Time") 
where: 

"Tag Number - is the data collection and transmis- 
sion unit identifier; 

"X" and *Y m represent the animal position either in 
latitude and longitude or in co-ordinates referenced 
to a survey point; and 
"Time" is the microcontroller time stamp. 
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[0054] Since the interrogator 50 continuously cycles 
through the data collection and transmission units 32, 
the SQL database is continuously updated at intervals 
to provide current and historical positional data concern- 
ing each ot the animals in the feedlot pens 12. In this s 
manner, a record of each animal's movement pattern 
within the feedlot pen 12 is maintained. 
[0055] The processor 52, which communicates with 
the processor 54 : downloads the SQL database to the 
processor 54 at predetermined intervals so that animal 10 
movement pattern data over a fixed time period is re- 
ceived by the processor 54. Once the SQL database has 
been downloaded, the processor 54 executes a routine 
and using the SQL database and the zone definition ta- 
ble creates a virtual table including the animal observa- is 
tion table entries together with current and previous 
zone position information (block 1 04). The entries in this 
virtual table take the form: 

("Tag Number", 'X\ "Y", "Time", "Zone In", "Zone 20 
From") 

where: 

"Zone In" represents the current zone position of the 25 
animal; and 

'Zone From" indicates whether the animal has 
moved from one zone to another between succes- 
sive entries in the table. 

30 

[0056] Figure 5c illustrates an example of the virtual 
table for a single animal identified as "A". As can be 
seen, the Zone In and Zone From entries indicate the 
general movement pattern of animal A in the feedlot pen 
1 2 over a period of time. The X and Y coordinate data 35 
entries provide detailed movement pattern data con- 
cerning animal A over the same period of time. 
[0057] Once this virtual table is created, the processor 
54 executes another routine to compare the virtual table 
with the physical condition definitions to determine *o 
whether the animals exhibit any of the physical condi- 
tions of interest as defined by the reference movement 
pattern data. The reference movement pattern data 
function as benchmarks against which the animals un- 
der observation can be compared. By comparing the vir- *s 
tual table contents with the physical condition defini- 
tions, animal health and performance characteristics 
decisions can be made (block 106). 
[0058] For example, when the virtual table of Figure 
5c is being compared with the respiratory disorder def- so 
inition in the physical condition table, the processor 54 
determines: 

the frequency animal A visited the water zone using 
the Zone In, Zone From and Time entries; ss 
the duration animal A spent in the water zone using 
the Zone In and Time entries; 
the frequency animal A visited the food zone using 



the Zone In, Zone From and Time entries; 

the duration animal A spent in the food zone using 

the Zone In and Time entries; and 

the general overall activity of the animals using the 

X and Y coordinate data entries. 

[0059] The calculated values are then compared with 
the threshold levels in the definition. If the animal meets 
all of the conditions of the definition, the animal is con- 
sidered to be suffering a respiratory disorder. 
[0060] The above process is performed in respect of 
the animal movement data collected for each of the an- 
imals in the feedlot and a comparison between the ani- 
mal movement data and each of the definitions in the 
physical condition table is made. The resu Its of the com- 
parisons are displayed via the GUI allowing feedlot own- 
ers to identify sick animals, classify other animals ac- 
cording to performance characteristics and take meas- 
ures to deal with identified production patterns. Animals 
identified as being sick are generally presented in a list 
according to disorder. With respect to animals classified 
according to performance characteristics, the animals 
can be presented in a list or alternatively the movement 
patterns of the animals can be presented graphically 
With respect to animals classified according to perform- 
ance characteristics, market ready animals are gener- 
ally presented in a list, while overfeeding and underfeed- 
ing conditions are presented as display screens to the 
feedlot operator. 

[0051] In addition to the above, since the movement 
patterns of the animals in the feedlot 10 are monitored, 
changes in the overall feeding patterns of the animals 
can be detected. It is known that the feeding patterns of 
animals change at each stage in the feedlot as illustrat- 
ed in Table 1. By detecting changes in feed patterns of 
animals quickly operators can apply appropriate proto- 
cols for specific animals at appropriate times to optimize 
processing of the animals through the feedlot. This al- 
lows feedlot operators to determine the proper time to 
implant hormones. This also allows an operator to con- 
trol the composition and/or amount of feed supplied to 
the animals which has a three-fold beneficial effect. 
Firstly, by controlling the composition and/or amount of 
feed supplied to the animals, feed costs can be reduced. 
Secondly, in the case of high grade animals, feed can 
be controlled to inhibit the animals from gaining too 
much fat and weight which results in penalties for over 
fat/over large livestock. Lastly, by reducing the number 
of days the animals are placed on feed and/or by cus- 
tomizing the animals' diet, the animals produce less 
methane thereby reducing production of greenhouse 
gases. Although reducing greenhouse gasses has an 
environmental benefit, another advantage exists. 
Greenhouse gas reductions can be sold as offsets to 
entities producing significant quantities of greenhouse 
gasses to allow these entities to meet greenhouse gas 
emission levels. This is achieved by determining the dif- 
ference in time market ready animals spend in the feed- 
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lot with the average industry time an animal spends in 
a feedlot and estimating the amount of methane gas 
those animals would have produced over that difference 
in time. 

[0062] As one of skill in the art will appreciate, based s 
on the results of animal movement patterns, sick ani- 
mals can be quickly detected and treated for health 
problems. Animals showing other similar conditions can 
be detected and grouped and decisions can be made 
concerning the optimization of production. After animals io 
under observation have been slaughtered, carcass data 
can be obtained from the packer and reviewed relative 
to the definitions to allow the definition reference move- 
ment pattern data to be updated. Once the reference 
movement pattern data has been updated, the current *5 
and historical animal movement pattern data can be re- 
processed in the manner described above using the up- 
dated definitions thereby enhancing the accuracy of the 
present method and system. 

[0063] In the present embodiment, it is preferred that 20 
each animal is fitted with a collar or tag when bom. It is 
also preferred that each rancher, backgrounder and 
packer includes an interrogator, processor and fixed da- 
ta collection and transmission unit so that each animal's 
whereabouts in and duration at a ranch, backgrounder 2s 
and packer can be tracked. The position data for each 
animal is collected from the processers at the ranchers, 
backgrounders, feedlots and packers and is stored in a 
database. As mentioned previously, the ranchers, back- 
grounders, feedlots and packers are often at geograph- oo 
ically dispersed locations. Figure 8 shows an example 
of rancher, backgrounder, feedlot and packer locations. 
[0064] Tracking an animal generally throughout its 
lifespan as it is moved from location to location during 
processing is important especially il the animal is diag- 35 
nosed with a transmittable disease. Since the animal's 
previous whereabouts are accurately maintained, the 
scope of testing to determine other infected animals can 
be limited to those places where the animal was located 
and not industry wide. 40 
[0065] For example, suppose animal A is diagnosed 
with a transmittable disease by packer P3. By examining 
the database, it can be determined that: 



[0066] Since the animal was diagnosed with a trans- 
mittable disease, animals in close proximity to the dis- ss 
eased animals are likety to have contracted the disease. 
Using the above movement pattern of the animal, all an- 
imals that were exposed to the diagnosed animal can 



be located. Depending on the nature of the disease, the 
focus of testing can of course vary. For example, if the 
disease contracted by the animal is one which is nor- 
mally contracted at a specific age such as 6 months, 
testing can focus on animals which were exposed to the 
diseased animal at ranch R1. If the disease is conta- 
gious through the animal's life, testing must focus on an- 
imals, which were exposed to the diseased animals at 
ranch R1, backgrounder B2 and feedlot F3. 
[0067] In addition, by monitoring each animal's move- 
ment, other trends can be identified and pinpointed to 
specific ranchers, backgrounders and feedlots. For ex- 
ample, it might be determined that animals bom at a par- 
ticular ranch or prepared at particular backgrounders 
and feedlots exhibit a trend in terms of grade or other 
characteristic of interest 

[0068] Although the present invention has been de- 
scribed as including data collection and transmission 
units communicating with GPS satellites to generate 
raw GPS data, those of skill in the art will appreciate that 
alternative methods for generating position data can be 
used. For example, as is shown in Figure 6, three GPS 
timing devices 1 34 can be positioned at various loca- 
tions in the feedlot 1 0 with each GPS timing device com- 
municating with RFID animal tags 132 carried by the an- 
imals that include data collection and transmission units 
32. In this case, raw GPS data is acquired by each GPS 
timing device. Each GPS timing device 1 34 in turn sends 
the raw GPS data to the data collection and transmis- 
sion units on the RFID animal tags. The data collection 
and transmission unit in each RFID animal tag records 
the raw GPS data together with time stamps. When a 
data collection and transmission unit is polled by the in- 
terrogator 150, the data collection and transmission unit 
sends the raw GPS data and time stamps to the inter- 
rogator 150. The interrogator 150 in turn passes the in- 
formation to the processor 1 52 which enhances the ac- 
curacy of the GPS data and then calculates the XY co- 
ordinates of the data collection and transmission unit 32 
by triangulation. The data is then downloaded to the 
processor 154 and processed in the manner described 
previously. 

[0069] Alternatively, the animals may be fitted with 
passive RFID animal tags or bar code tags. In the case 
of passive RFI D animal tags, readers to detect and read 
the tags to record the animals' locations are required. 
Similarly, in the case of bar code tags, bar code readers 
to read the bar codes tags to record the animals' loca- 
tions are required. These types of tags are more suited 
to environments where it is simply desired to determine 
each animal's general location and duration at the loca- 
tion such as at ranches, backgrounders and packers. 
[0070] Although the system and method for monitor- 
ing animal movement patterns within an area have been 
described specifically with reference to a feedtot envi- 
ronment, those of skill in the art will appreciate that the 
movement patterns of animals can be monitored in other 
environments, such as for example in pastures or graz- 



the animal was born at ranch R1 and lived there *s 

from 98-03-01 to 98-09-30; 

the animal was moved to backgrounder B2 and 

stayed there from 98-10-01 to 99-05-01 ; 

the animal was then moved to feedlot F3 and stayed 

there from 99-05-02 to 99-11-30; and so 

the animal was moved to packer P3 on 99-12-01 

where it was diagnosed. 
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ing pens. In this case, the movement patterns of animals 
can be monitored to determine if the animals suffer from 
any of the above noted health problems. In addition to 
the above, definitions including reference movement 
pattern data modeling the typical movement patterns of 
animals exhibiting conditions of interest in this environ- 
ment can be stored in the physical condition table (see 
Table 2). Typical movement patterns of interest in this 
environment include but are not limited to: 

the movement of animals to a calving zone at inap- 
propriate times indicating the likelihood of reproduc- 
tive disorders; 

the grouping of female animals indicating animals 
in heat; 

the movement of animals along the perimeter of the 
grazing pen or pasture indicating low food levels; 
and 

the grouping of animals at the water zone for long 
durations indicating poor water quality. 

[0071] In addition to the above, by monitoring the 
movement patterns of animals in the pasture or grazing 
pen, heavily used grazing areas can be determined al- 
lowing measures to be taken to increase feed in those 
areas or to move animals to other feeding areas. 
[0072] The software executed by the processor 54 in- 
cluding the table of Figure 5b can be downloaded to the 
processor from a remote location over a network link or 
can be stored on a physical medium such as a floppy 
disk or CD-ROM and then loaded onto the processor 
54. This allows the software to be supplied to parties 
having their own animal tracking hardware. 
[0073] Although particular embodiments of the 
present invention have been described, those of skill in 
the art will appreciate that variations and modifications 
may be made without departing from the spirit and 
scope thereof as defined by the appended claims. 
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Claims 

1. A method of monitoring the movement of animals 
within an area comprising the steps of: 

collecting positional data of each animal under 
observation; 

processing said positional data to generate da- 
ta representing the movement patterns of said 
animals; and 

analyzing said movement pattern data to deter- 
mine at least one physical condition of said an- 
imals. 



2. The method of claim 1 wherein said positional data ss 10. 
is collected at intervals. 

3. The method of claim 1 or 2 wherein during said an- 



40 
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alyzing step said movement pattern data is com- 
pared with reference movement pattern data stored 
in a database representing typical movement pat- 
terns of animals exhibiting said at least one physical 
condition. 

The method of claim 3 wherein said movement pat- 
tern data is compared with said reference move- 
ment pattern data to detect animals suspected of 
suffering a health problem. 

The method of claim 4 wherein said area is divided 
into at least two zones including a food zone and a 
water zone and wherein said movement pattern da- 
ta is compared with said reference movement pat- 
tern data to detect the duration and frequency said 
animals spend in at least one of said zones thereby 
to determine animals exhibiting said at least one 
physical condition. 

The method of claim 5 wherein said movement pat- 
tern data is compared with said reference move- 
ment patter data to detect animals exhibiting one or 
more o1 the following movement characteristics: 

(i) more frequent and longer duration visits to 
said water zone; 

(ii) less frequent visits to said food zone; 

(iii) generally overall decreased movement 
within said area: 

(iv) more frequent and shorter duration visits to 
said water zone; and 

(v) less frequent and shorter duration visits to 
said water zone. 

The method of claim 4 wherein said movement pat- 
tern data is compared with said reference move- 
ment pattern data to detect animals exhibiting one 
or both of the following characteristics: 

(i) generally little movement within said area; 
and 

(ii) circling in one direction. 

The method of claim 4 wherein said movement pat- 
tern data is compared with said reference move- 
ment pattern data to detect the frequency and du- 
ration animals spend in said food zone. 

The method of claim 8 wherein said movement pat- 
tern data is compared with said reference move- 
ment pattern data to determine a yield grade for 
each animal. 

The method of claim 4 further comprising the step 
of changing feeding patterns for market ready ani- 
mals thereby to reduce greenhouse gas production.. 
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11. A system for monitoring the movement of animals may be the cause of a trend exhibited by specific 
within an area comprising: tagged animals. 

a plurality of data collection and transmission 
units, each being carried by a respective ani- 5 
ma I, each of said data collection and transmis- 
sion units transmitting animal position data over 
a wireless communications link; and 
a processor in communication with said data 
collection and transmission units via said wire- 10 
less communication link and receiving said an- 
imal position data, said processor processing 
said animal position data to generate data rep- 
resenting movement patterns of said animals 
and analyzing said movement pattern data to 15 
determine at least one physical condition of 
said animal. 

12. A system for detecting animals exhibiting at least 
one physical condition of interest within a prede- 20 
fined area comprising: 

a receiver receiving position data for each of 

said animals under observation at intervals; - 
a processor in communication with said receiv- 2s 
er and processing said position data to gener- 
ate a first database including data representing 
the movement pattern of each of said animals 
within said predefined area; and 
a second database storing reference move- 30 
ment pattern data representing typical move- 
ment patterns of animals having physical con- 
ditions of interest, wherein said processor com- 
pares said movement pattern data in said first 
database with said reference movement pat- & 
tern data in said second database to determine 
animals exhibiting one or more physical condi- 
tions of interest. 

13. A method for tracking the movement of animals as *o 
said animals are moved from location to location 
during processing comprising the steps of: 

tagging each animal under observation; and 
tracking the location of each tagged animal and 45 
the duration each tagged animal spends at 
each location as it is moved to generate data 
representing each tagged animal's movement 
history. 



14. The method of claim 1 3 further comprising the step 
of using the generated data to detect tagged ani- 
mals that have been in physical proximity with a 
tagged animal diagnosed with a transmittabie dis- 
ease. 

15. The method of claim 1 3 further comprising the step 
of using the generated data to detect locations that 
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